Journal of Rasanrch of the Rational Bureau of Standards Fesearch Paper 2318

Thiophosphation of 2-Methyl-2-Nitro-1-Propanol and the
Prepcration of Monothiophosphoric Acid
1. V. Karahbinos, R. A. Paulson, and W. H. Smith

Vel. 48, Mo. 4, April 1952

The thiophoaphation of & nitroalcohol wes studied in ether and in F idine golution,
Whet Z-methyl-2-nitro-1-propangl was refluxed with phosphorus pentasu io ather, the
eorrespendi dithjuphmﬁte wad formed. In pyridine solutlon, however, 8 pyridine aslt
of the secondary dithiop tﬂhme was formed. A tﬁ:id.irus: ealt of metatrithophosphorie
acid was also Jeclated from the lattor reaction, and malt was hydrolyzed to pyridindum
monothiophoeaphate, Monothiophosphorie seid monohydrale itzelf wead obtained, for che
first time, by applicetion of jon-exchange and lyophilizing teshniques to it pyridine salt.

1. Inkoduction

The rteaction of phosphorus pentasulfide with
organic hydroxy compounde rcporiedly [L to 4]!
yielda secondary dithiophaosphatas (I},

{ROMP(S)3H. m

An extension of thie reaction to a nitroalcohol is
deacribed. When 2-methy}-2-nitro-1-propane] was
refluxed with phosphories pentaselfide in ethyl ather,
a product melting st 104° C was obtained that gave
alemental snalyses and a molecular-weight value
.eorresponding to O,V -bis(2-methy]-2-nitro-propyl-)
dithiophosghatae {I1}.

CH; & CH,
G H;—(I}-C H:—G—;—O—C H:—é—C H; (II}
0 éH NQO,

Phosphorus pentesulfids in pyridine solution has
been recently reporied [5] to give thiation of certain
pyridonss. Ina atmglg of the action of phosphorus
pentasulfide on 2-mathyl-2-nitro-I-propancl iz pyri-
dine solution at the ﬁumau, a vellow, actremnely
hygroseopic subetance crystallized directly from the
pyrdine solution; this substenca gave elemental
analvees corresponding to CmHﬂNnga {III). TUpen
standing sxposed to atmosphere, substance IIT
took up moisture with considerable foaming and
evolution of hydrogen sulfide and, in & relatively
short time, & colorless solution was obtained, from
which white cube-like crystals appeared. Alter
purification, the Iatter anbstance (IV) eave analyses
correspomling to O JH0.N3P. Substanca IV liber-
ated pyridine under alksline conditionsz, and hydro-
gen sulfide with dilute acids. A positive E.ulfh:,*drgl
test wag %'iven by IIT, a,]thou%h naot by IV, Sub-
stances IIT and IV are probabiy pyridinium salta,
the fortner & salt of pyridina with metatrithiosphorie
acid, HPS;, a thivanalog of metaphosphoric acid,
and the latier a 'ﬁiﬁdiﬂe galt of monothiophosphorie
acil, H,PR0,. ia lattar acid, a moncthio analog
of pﬁmsphnri::. wcid, could arise from HPS; by hy-
drolysis, with the liberation of hydrogen sulfide.

1 Flpures Io beaskedd edbonba tbe literabure roferences at the end of thils paper.

HF#;:+ SHO—H: PS04 2H.8,

The formuiss for the ?}fridinium galta II1 and IV
may he represanted as follows:

(O H N HFS, (110D, O M Ha P8O, (TV)

It is possible that substance II1, rather than phos-
phoru= pentasulfide, acts as the thisting apent in
pyridine solution [5].

m the mother liquors obtained by the resction
of phosphorus pentasulfide with the nitroalechol in
pyridine aolution, still another crystalline sabstance
was obtained ; this substance melted at 103° to 104° C
end gave apalyses corresponding to the formula
Cy:Hy O N3P (V). As pyridine was chtained upon
the addition of glkali to ¥ and hydrogen sulfide was
libernted in neidic solution, V was suspected of baing
& pyridinium sslt of 0,0"biz{Z-meothyl-2-nitro-
propyl-kdithiophosphorie acid,

CH, 8 CH;
N, H NO,

This was confirmed by the isolation of the secondary
dithiopheaphate (II} from the eluate upon removal
of pyndine with & cation exchange resin.
The over-all et%uatiﬂns for the netion of phosphorus
entasulfids on 2-methyl-2-nitro-1-propanocl in pyri-
inc aolution may be expressed as follows:

CH,
ECH,—é—ﬂHgﬂH+P;E; + f(excers) CgHgN —
NQ,
CH; 8 CH,
EHg—é—CHg—G—l!'—G—GHg—lJJ—GHrUuH.N +
Oy H N0y
(CWELN) R F Ba

In & simidar menner monothiophosphoric acid,
H,P80);, was isolated from itz pyridinium salt (IV)
by removal of the pyridine with the eation exchange
resin, Amberlite IR-100-H, followed by Irorhilization
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(“freaze-drying’"} of the eluate. The sirupy product
gave sulfur and phosphorues analyees nnd a nevtrali-
zalion equivalent corresponding to a monohydrata,
which was relatively stable at —20° C, aithough it
decomposed slowly 8t room temperature, as reported
in the early hterature [B].

2. Fxperimental Details

2.1. Reaction of 2-Methyl-2-Nitre-1-Propanol with
Phouphorne Pentasulfide in Ethyl Ether

0,0 -Bis{2-methyl-2-nitro-propyl-i Di thiuphusphaitig

- To 30 g of 2-methyl-3-nitro-1-propanol dissolved
in 150 ml of sthyl ether was added 30 g of phosphorus
penissulfide, and the mivture was maeintaiped at
reflux for 16 hra. The white, fluffy needlea that had
formed in good Fizld were collected by filtration and
dried in & vaeuum desiceator. After several recrys-
tellizations from ether, a product with a constant
melting point of 13.8% to 104" C was obtpined. The
substance, unlike the original nitrosleohel, was insol-
uble in water, and purification could also be effected
by squecus extraction.

Anafysis: Caleulated for CHO,N5,F: C, 25,01
H, 5.16; 5, 19.29; P, 0.32; Molecular Weight, 332,
Found: C,20.01: H, 5.10; 8, 19.70; P, 9.28; molee-
ular Weight (Rast), 322,

2.2. Beaction of 2 Methyl- 2.-Nitro-1-Propancl with
Phosphorus Pentarulfide in Pyridine

a. Pyridine Salt of Metabrithiophosphorie Acid

Phosphorus pentasulfide (25 g) was dissolved in
150 ml of pyridine containing 12 g of 2-methyl-2-
nitro-1-pro 1, and the mixture was refl for
14 bre. Tpon cooling the =zolution, yellow prisms
begun crystallizing; the procesa was sllowed to con-
timne overmght. The crystalline product was col-
lected by filtration, washed with etly] ether, and
dried in a vacuum desiccator for seversl days. The
weight of product {20 g} corresponded to B theoret-
ical ¥ield of 80 percent. The substanece wae stable in
a desiceator bui decomposed mpidly when exposed
to atmospheric moisture. It gave a positive sulf-
hydryl test with nitroprusside reagent and melied in
the neighborhood of 90° to 100° C, although the
melting point was not at all well defined becauvsn of
foaming nnd the hygroscopic characier of the

substanee.
Analysis: Caleulated for Cp B N;TPS: O, 41.94;
H, 3.87; P, 10.82; 8, 33.59, Found: C, 41.95; H,

3.71: 0, 10.80; 8, 33.70.
b. Salt of O,0"-Bls {2-Methyl- 2:Nilre-Propyl.
Pyridine O, o ('-‘}? oyl

The mother liquor from which the prridine sait of
Metatrithiophosphiorie acid ({IIT) was obtained was
poured inty 500 ml of water, and s small amount of
precipitated sulfur was removed by filtration. The
claar solution was then concentrated to & crystalline
residue in & purrent of dry air, and the ervstois wera

catracted with & =mall amount of water, collected by
filtration, snd dried. The crude pyriding salt of
0,0%bis(2-methyl-2-nitro-propyl-]  dithiophosphate
Gi} weighing 15 g was purifisd for analyses by
recrystallization from dioxane-ether (1:1) snd finally
from ethanol-ether {1:1); mp, 103 to 104° .

Anafyxiz: Caleulated for CaHpO0,NS.P: O, 37.05;
H, 5.38: 8, 15.58; P, 7.53. Found: C, 38.25; H,
5.40; 8, 15.08; P, 7.55.

<. Iaclaficn of 0.0 .Rix {2-Methyl-2.Nitro- )
Dithioghosphate M) Frém Ha Byridine Salt ﬂ?;

Five milliliters of an sguepus sejubion containing
0.5 g of the plyj'riﬂine galt (V) was passed through a
column (1.0 by 10 em) of Amberlite IR-100-H,
analytical grade, and a sufficient volume of distilled
water was then passed through the column to elvie
the dithiophosphate. The efunte was concentrated
in & current of dry &ir to s high yield of crysialline
residve, which was purified by recryziallization from
ethyl ether, Tha product melted chorply at 14° O
and showed no meltigg-ﬁoint depression upon
admixture with the (1,(¥-bis{2-methyl-2-nitro-pro-
pyl-1dithiophosphaie prepared i ether solutico.

d, Hydroiyeis of Pyridind Mataizithiophoaphote (I0T).
Poviclias Salt of Moncthicphosphori Aecid (TV)

Although hydrolysis of II[ eould be effected by
atmoapheric moisture, 4.2 # of pyridinium metatri-
thiophosphate was dissolved in 3 wml of water.
Vigorous evolution of gaa oecurred, and tha odor of
hiydrogen sulfide was pronounced. After the sohi-
tion had stood for 1 hr, the excess moisture was
removed in a current of dry air, and the resultant
sicnp hegan to crystallize. Crystallization was
hastonad by nddition of small armounts of ethanol.
The cube-fike cryatals were collected by filtration
and dried in vacuo. The product weighed 2 ﬁ,
corresponding to 71 percent of the theoretical yisld.
The product was recryatallized from 85-percent
ethanal for analysis. It did not give a sulfhydryl
teat, although it liberated pyridine on treatment
with dilute alkali and hydrogen sulfide upon the
addition of dilute acids. The puorified pyridinion:
monothiophosphate melted at 116° C, with avolo-
tion of gaa.

Analpsis:  Coleulated for CLHO,NFPS: C, 31.52;
H, 417;4P, 16.04; 5, 16.60. Found: C, 31.95; H,
4.43; P, 15.02; 8, 16.89.

2.3, Braparation of Monothicphosphoric Acid
Maonohydraie

A solution containing 1 g of pyridinivm mono-
thiophosphata in 3 m) of water was passed through a
column (1.4 by 40 cm) of eation exchnnge resin,
Ambedite IR-100-H, analytical grade, and & suffi-
cierit volume of distilled water was added to elute
the free meid. The aecidic portion of the effluenc
wae collected in & flask, surrounded by an ica bath,
und the cooled filtrate was lyophilized. A theo-
roticel vield of thiek, sirupy acid was ohimined.
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Mthouizh the scid was h}f%msmpic and had an odor
resembling bydrogen solfide, it wae quite atable at
—=20* , az mdicated by the nnalﬁms corresponding
to monuthiuphoﬂphoric acid monohvdrate.

Analysiz:  Calculated for H;PSGfH,O 5, 24.27;
P, 2346, N. B, 132, Found: 8, 2426; P, 22.03;
N.E., 130, 129,

Monothiophoaphoric acid monohydrata pave a
suliur anslys=is of 24 26 percent afier standing at
—20% {* for | weok and 24.23 parcent after 2 woeks.
However, when & sample was allowed to stand at
30° in & plass-stopperad vial in & desiceator, the
sulfur velue decreased to 11,54 percent after 1 week,
and the phosphoius value increased to 25.54 percent.
These analysea, in addition to the pronomced odor
of hydroegen sulfide, indicatad that the acid was

deaom'puﬂmg to phosphorie acid monchydraie and
hydrogen sulfide, as reported in the early literzture

[@].
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